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Placed in a phylogenetic perspective, candidate genes that are undergoing evolution at the same time in the same lineage can be viewed together. This framework based upon coding sequence evolution can be readily expanded to include other types of evolution. ,QLWVSUHVHQWIRUP initial version of this database, more computationally simple methods were used. As new methodology is developed, this database will be recalculated using different methodologies. Since ancestral sequence reconstruction, is approximate, these branches should be viewed as candidates rather than absolutely definitive statements of adaptivity.
Two cutoffs of Ka/Ks ratio were utilized, branches with values>1 and with values>0.6.
While reconstruction back to the last common ancestor of chordates or embryophyta with no intermediates frequently bears the signature of synonymous position equilibration, synonymous position saturation can be avoided if individual branches are shorter than the period required for saturation to occur (t1/2 to saturation ~120 million years). Saturation was measured through the calculation of neutral evolutionary distances (NED) along branches. NED is defined as the synonymous substitution rate in two-fold redundant codons interchanged by a pyrimidinepyrimidine transition [16] . These are the fastest equilibrating sites. Branches which showed NED values greater than 5 half lives towards saturation were excluded from TAED based upon differences between reconstructed ancestral sequences at the beginning of branches and sequences at the end.
A second problem of significance is that of short branches bearing fractional mutations. In order to exclude these, a new test was implemented. The modified Ka/Ks calculation is simple and is described below: A list of protein module family candidates for having undergone modification of function is available on the web at http://www.sbc.su.se/~liberles/TAED.html. The version described here is designated TAED 2.1 and will remain available at this site. As more sophisticated methods are developed and applied, as correlations with functional and structural databases are pursued, and as data from other types of evolution beyond coding sequence evolution is added, links to these datasets will be provided. TAED 2.1 contains two image mapped trees (for chordates and embryophyta), where the node that an adaptive branch emanates from can be clicked on to obtain a list and Master Catalog reference number. Multiple sequence alignments and phylogenetic trees corresponding to these entries can be obtained from EraGen Biosciences (http://www.eragen.com).
Genes that appear on this list appear for several possible reasons. Branches resulting from changes during speciation events to orthologues or following gene duplication events in paralogues will appear. Because this search was done without knowledge of genomic location of genes, paralogues will be indistinguishable from genes with alternative splice patterns or from intraspecific variation. However, for the purpose of this analysis, all four sets of information (orthologues, paralogues, changes in alternative splicing detected from cDNA analysis, and intraspecific variation) reflect organismal mechanisms of adaptation and are relevant for our purposes.
Because there is no reliable truth set for functional adaptation, it is not possible to score the results of this tool. It is important to remember that a Darwinian definition of function differs from the functional annotation of genomes and it is possible for a protein to alter or change its function while retaining the same annotation. To examine this dataset, specific proteins must be examined individually.
In viewing the list of proteins, many of these are already believed to be candidates for From a phylogenetic perspective, the knowledge of candidate genes evolving at the same time in the same organism can allow one to begin to ask if entire pathways or phenotypic functions are under selective pressure at specific points in evolutionary history. Where tertiary structures exist, mutations along branches can be mapped onto three dimensional structures first to evaluate the validity of specific examples, and second, to understand the nature of adaptive evolution at a structural level.
One statistical analysis of this database indicates that among branches with Ka/Ks ratios>1, only 3% of synonymous sites had mutated compared with 10% on the average branch in the database. This is consistent with the notion that episodes of adaptive evolution can be lost in long branches, as these are combined with prior and/or subsequent episodes characterized by lower Ka/Ks ratios characteristic of functional constancy. As more genes are sequenced from more species, the greater articulation of trees will not only increase the accuracy of sequence reconstructions, but will also allow us to detect new examples of functional change that are buried in long branches.
At a biological level, the dataset generated here can be data-mined to provide global pictures of how evolution has occurred. Correlation of data in this database with that in other functional databases will enable a leap from genotype to organismal phenotype. Further, the dataset provides a resource for experimentalists interested in specific genes. The high Ka/Ks ratio in leptin in a branch connecting primates with rodents may have been a useful predictor of changes of function for pharmaceutical companies interested in the mouse model of leptin for human obesity. For the experimentalist, mutations occurring along putatively adaptive branches can be assayed for functional importance in systems of interest.
Finally, this database represents a growing framework for the study of adaptive evolution.
As datasets become available, changes in gene expression, alternative splicing patterns, imprinting patterns, recombination events, and other molecular mechanisms of adaptation will be added to this database in a phylogenetic perspective. The ultimate goal is a dynamic resource depicting candidate molecular events that are responsible for phenotypic differences between closely related species. Table 1 . A sample listing from TAED indicating candidate adaptively evolving genes detected that emanated from the bovidae node. These examples potentially include orthologues between different species of bovidae, paralogues, alternatively spliced cDNAs with potentially different functional effects, and intraspecific modifications.
